Background and Purpose-Montreal Cognitive Assessment (MoCA) has been proposed as a screening tool in vascular cognitive impairment. Diffusion tensor imaging is sensitive to white matter microstructural damage. We investigated if diffusion tensor imaging-derived indices are more strongly associated with performances on MoCA or on the widely used mini mental state examination in patients with mild cognitive impairment and small vessel disease. Methods-Mild cognitive impairment patients with moderate/severe degrees of white matter hyperintensities on MRI were enrolled. Lacunar infarcts, cortical atrophy, medial temporal lobe atrophy and median values of mean diffusivity and fractional anisotropy of the cerebral white matter were studied and correlated with cognitive tests performances. Results-Seventy-six patients (mean age 75.1±6.8 years, mean years of education 8.0±4.3) were assessed. In univariate analyses, a significant association of both MoCA and mini mental state examination scores with age, education, cortical atrophy, and medial temporal lobe atrophy was found, whereas mean diffusivity and fractional anisotropy were associated with MoCA. In partial correlation analyses, adjusting for all demographic and neuroimaging variables, both mean diffusivity and fractional anisotropy were associated only with MoCA (mean diffusivity: r= −0. 
T he term vascular cognitive impairment refers to cognitive impairment, of any degree, associated with cerebrovascular diseases, among which small vessel disease (SVD) is the most frequent cause. 1, 2 Montreal Cognitive Assessment (MoCA) has been proposed as a screening tool in vascular cognitive impairment because, differently from the widely used mini mental state examination (MMSE), it includes attentional, psychomotor speed, and executive tasks. [3] [4] [5] [6] Diffusion tensor imaging (DTI) is an MRI technique able to detect changes in white matter microstructure that are not evidenced on conventional MRI, but may have a clinical effect. 7 We assessed whether white matter microstructural damage as measured with DTI in patients with mild cognitive impairment (MCI) and SVD is more strongly reflected by MoCA than MMSE performances. If this holds true, it would support the hypothesis that MoCA is more suited than MMSE as a cognitive screening tool to assess patients with MCI related to SVD.
Methods
The Vascular Mild Cognitive Impairment Tuscany (VMCI-Tuscany) study is a multicenter, prospective, observational study designed to estimate the effect of a large set of clinical, neuroimaging, and biological markers of SVD in predicting the transition from MCI to dementia. 8 To be included, patients had (1) MCI (Winblad criteria)
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and (2) moderate to severe degrees of white matter hyperintensities (WMH) on MRI, (modified Fazekas scale). 10 The local ethics committee approved the study and informed consent was obtained from all participants.
At baseline, demographic variables (age, education, and sex) were collected, and both MoCA and MMSE were administered. For cutoff values and correction of age and education effect, we used norms validated in the Italian population. 5, 6 Conventional MRI features included lacunar infarcts, WMH, global cortical atrophy, and medial temporal lobe atrophy. Median values of mean diffusivity (MD) and fractional anisotropy of the cerebral white matter were used as DTIderived indices (Figure) . Other details of study methodology, clinical and MRI protocol are presented in the online-only Data Supplement.
Statistical analysis included adjusted partial correlation analysis between MoCA, MMSE, and DTI-derived indices (see online-only Data Supplement).
Results
At baseline, 76 patients had both clinical and DTI assessment (Table 1 ; see online-only Data Supplement).
Univariate analyses showed a significant association of both MoCA and MMSE with age, education, cortical global atrophy, and medial temporal lobe atrophy, whereas no association emerged with WMH and lacunar infarcts. MD and fractional anisotropy only correlated with MoCA score ( 
Discussion
In our sample of patients with MCI and SVD, white matter microstructural damage, as evaluated by DTI-derived indices, was related to MoCA but not to MMSE performances, supporting the hypothesis that MoCA is more sensitive to the presence of subtle SVD.
One limitation of the study is that our cohort might not be purely vascular as imaging markers of neurodegeneration, are present. This reflects the frequent coexistence of vascular and degenerative mechanisms in the aging brain.
We found no statistically significant difference between patients with moderate and severe WMH in terms of MMSE or MoCA scores. This maybe due to a loss of accuracy in discriminating among patients subgroup using cognitive screening tests once a certain degree of SVD is reached. However, patients with severe WMH had on average a 2-point lower score on MoCA in comparison with those with moderate WMH.
Consistent with our hypothesis and results, other studies showed that DTI-derived indices correlated with executive dysfunction in patients with SVD, 7 whereas conflicting results derive from previous studies comparing MoCA and MMSE in patients with SVD.
11
Our data confirm the hypothesis that microstructural damage related to SVD is more expressed by MoCA than 
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White matter microstructural damage in SVD is associated with MoCA but not with MMSE performances: VMCI-Tuscany Study
Methodology and study protocol of the VMCI-Tuscany Study
The Vascular Mild Cognitive Impairment (VMCI) Tuscany Study is a multicenter, prospective, observational study, carried out in the Tuscany region of Italy, and aimed at estimating the role of a large set of clinical, cognitive, neuroimaging, and biological markers of SVD as independent predictors of the transition from MCI to dementia. According to the study protocol, at baseline, each enrolled patient undergoes an extensive clinical, functional and neuropsychological assessment, an MRI examination, and the collection of blood samples.
MRI assessment MRI protocol
Patients were examined on a 1.5 T system (Intera, Philips Medical System, Best, The Netherlands) with 33 mT/m gradients capability and a head coil with SENSE technology. The examination protocol was previously described and included a sagittal T1 sequence, an axial FLAIR sequence, and an axial single-shot echo planar imaging sequence for DTI (diffusion sensitizing gradients applied along 15 non-collinear directions using b value of 0 (b0 image) and 1000 s/mm 2 ) [1].
Conventional MRI features
For the purpose of the present investigation the following features were evaluated: a) lacunar infarcts visible on MRI were defined as hypointense lesions on T1 imaging with corresponding hyperintense lesion on FLAIR images with a diameter <20 mm; lacunar infarcts were classified as absent, 1-3, and >3; b) deep WMH on FLAIR graded according to the modified Fazekas scale [2] . A score of 2 (moderate) was attributed to beginning confluent lesions and a score of 3 (severe) to large confluent lesions [2]; d) global cortical atrophy using the scale of Pasquier et al. that assesses sulci opening of sulci and narrowing of gyri [3] . Scores 0-3 represent absent, mild, moderate, and severe cortical atrophy, respectively; e) medial temporal lobe atrophy (MTA) assessed by means of the Scheltens' scale [4] . This scale assesses coronal T1-weighted images acquired parallel to the brainstem. Scores 0-4 indicate progressive medial temporal volume loss. The above MRI features were visually evaluated in all patients by one experienced neurologist (AP). Patients with incidental non-lacunar infarcts in the cerebral cortex, cerebellum, or brainstem were excluded to avoid a possible confounding effect on DTI analysis and also to have a more homogenous patients sample. DTI and analysis of microstructural damage of cerebral WM Diffusion-weighted images were corrected for head motion and eddy current distortions using FDT (FMRIB's Diffusion Toolbox 2.0), part of FSL 5.0.2 [5] after which brain tissue was segmented using BET, also part of FSL [6] . The b-matrix was reoriented by applying the rotational part of the affine transformation employed in the eddy-correction step [7] . A tensor model was fitted to the raw data using a constrained nonlinear least squares procedure implemented in the software package CAMINO, and residual non-positive definite tensors (in isolated regions where the nonlinear algorithm failed to converge, mainly located at the edge of the brain) were removed by tensor interpolation in the log-euclidean domain [8] . Mean diffusivity (MD) and fractional anisotropy (FA) maps were then computed from the estimated tensor field. The segmentation method employed to obtain cerebral WM masks was previously detailed [9] . Briefly, WM segmentation on T1-weighted images was carried out using FAST 4, part of FSL [10] . To reduce partial volume effects, a preliminary WM mask was obtained by retaining only those
